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Section S4 -Kinetics processes in the InSe photocurrent generation model
The schematic band diagram proposed for InSe photodetectors in presence of traps is shown in Fig. S11a . The photogating mechanism that dominates the photocurrent generation in pristine InSe devices as we discussed in the main text, is based on the trapping of the minority charge carriers (in the case of InSe are holes). Figure S11b shows a diagram that includes only a set of traps, with density N t and located at an energy E t . To model the rising and decay of the photocurrent when respectively switching on and off the external illumination, we focus on two kinetic processes: the capture of holes by a trapping level and the emission of holes from the trap (schematically represented by the dashed arrows in the figure). The first process gives an increase of the photocurrent through photogain and is related to the rising time τ on , while the second process leads to a decrease of the photocurrent and determines the decay time τ off . When illuminating an InSe photodetector previously kept in dark the process that leads to the equilibrium state is the trapping of holes by the previously empty traps (i.e. filled with electrons). The trapping rate, r t = 1/ τ t , is described by the equation:
where v is the thermal velocity of holes, σ p is the cross section for holes, p is the free holes density under illumination and N t · f gives the number of empty (i.e. filled with electrons) traps. Contrarily, when the illumination is removed the favored process is the detrapping of holes and the detrapping rate, r d = 1/ τ d , can be described by equation:
where N t · (1-f) gives the number of filled traps and E VB is the energy of the valence band maximum. From the data shown in Fig. 3a of the main text we estimate a rising time τ on = 77 s and a decay time τ off = 3.2 s. This corresponds to the situation in which the detrapping process is faster than the trapping r d > r t that can be rewritten as r d / r t >1. Using this condition and substituting equations S1 and S2, we can write the relation:
Figure S11: (a) Schematic band diagram of a InSe photodetector with traps. Depicted there are the valence (VB) and conduction band (CB) of InSe, the gold elecrodes and the Fermi energy and a set of hole trapping levels (whose density is P t ) and electron trapping levels (density N t ). The density of free electrons and free holes are respectively n, p. (b) Schematic band diagram of a InSe with only one set of traps with density P t . The left schematic depicts the trapping of holes when exposing the InSe to external illumination and the right scheme shows the detrapping of holes when the external illumination is removed.
